rosenbergii prawn results in the sex reversal to the "neo-females". All male progeny was 48 generated when the "neo-females" were mated with normal male M. rosenbergii [7] [8] [9] . Thus, 49 studies on androgenic gland is a hot topic on male sexual differentiation and development in 50 crustacean species. The genes in the androgenic gland is of great importance to be fully 51 understood, especially for those which may promote the male differentiation and development.
52
The androgenic gland transcriptome and miRNA library have both been constructed for M. 53 nipponense [10] [11] . A series of genes identified in the androgenic gland transcriptome have 54 been analyzed and proven to be involved in the sex-differentiation and determination 55 mechanism of M. nipponense [12] [13] [14] [15] . compared with those in testis and ovary, including Gem-associated protein 2-like isoform X1
60
(GEM), Ferritin peptide, and DNA polymerase zeta catalytic subunit (Rev3) [16] . According 61 to the previous studies, ferritin peptide and Rev3 have been proven to be involved in the 62 immune system maintenance. Ferritin peptide has been analysed in M. nipponense, which plays 63 essential roles in its innate immune defence, especially for that in cellular and organismic iron 64 homeostasis [17] . However, these 3 DEPs might play essential roles in male sexual 65 development in M. nipponense, based on their higher expression levels in androgenic gland 66 and the importance of the androgenic gland in male sex differentiation and sex determination 67 in crustacean species. The roles in male sexual development might be the novel functions that 68 did not report yet.
69
In this study, we aimed to further analyse their functions in M. nipponense in depth, 
76

Materials and methods
77
Ethics Statement
78
As described in detail previously [10] , the prawns were obtained from the Tai Lake in Wuxi,
79
China. We got the permission from the Tai Lake Fishery Management Council. M. nipponense 80 is a normal species with huge production in China, which can be used for experimental 81 materials. All the experimental animal programs involved in this study were followed the Institute. MS222 anesthesia was used for each prawn when androgenic glands were collected, 84 in order to minimize suffering.
85
Prawn and Tissue Preparation
86
As described in detail previously [13] , healthy adult M. nipponense with wet weight of 3.78-87 5.26g were obtained from Tai Lake in Wuxi, China (120°13'44"E， 31°28'22"N). These 88 specimens were maintained in aerated freshwater under lab conditions at the temperature of 89 28°C for at least 72 h prior to tissue collection. A total of 6 tissues were collected from mature 90 prawns for qPCR analysis, including ovaries, testes, androgenic glands, heart, intestine and cloning. The Olympus SZX16 dissecting microscope was used to extract the androgenic glands.
94
Testis in reproductive season at the temperature of 28°C and testis in non-reproductive season . CC-BY 4.0 International license author/funder. It is made available under a The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/441147 doi: bioRxiv preprint at the temperature of 15°C were collected, in order to determine the expression levels in 96 reproductive cycle of testis. The samples were treated with phosphate buffer saline (PBS), and 97 immediately frozen in liquid nitrogen until used for RNA extraction to prevent total RNA 98 degradation.
99
Rapid Amplification of cDNA Ends (RACE) 100 As described in detail previously [13] , total RNA was extracted from androgenic gland as 101 template using RNAiso Plus Reagent (Takara Bio Inc.), followed the protocol of the 102 manufacturer. The RNase-free DNase I (Sangon, Shanghai, China) was used to treat the 103 isolated RNA to eliminate possible genomic DNA contamination. BioPhotometer (Eppendorf, 104 Hamburg, Germany) was used to measure the concentration of the total RNA sample with the 105 A260/A280 in the range of 1.8-2.0. The RNA quality was then measured by 1% agarose gel.
106
As described in detail previously [13] , a M-MLV reverse transcriptase was used to 107 perform the first strand 3′cDNA and 5′cDNA synthesis for gene cloning using the 3′-Full 108 RACE Core Set Ver.2.0 kit and the 5′-Full RACE kit (Takara Bio Inc., Japan), respectively 109 with the reaction conditions recommended by the manufacturer. The synthesized cDNAs were 110 kept at -20°C. 3′/5′-RACE PCR reactions were performed with the 3′ gene-specific primer on the unigene sequence. 1% agarose gel was used to measure the PCR product.
115
As described in detail previously [13] , the Gel Extraction kit (Sangon, shanghai,China) 116 was used to cut and purify the PCR products, following the manufacturer's instructions.
117
Amplified cDNA fragments were transferred into the pMD18-T vector (Takara Bio Inc., Japan).
118
Recombinant bacteria were identified by blue/white screening and confirmed by PCR. An to carry out the SYBR Green RT-qPCR assay. β-actin was used as an internal reference to 147 amplify for the same sample (the primer's sequences are shown in Table 1 ).
148
Diethypyrocarbonate-water (DEPC-water) for the replacement of template was used as a 
Statistical Analysis
190
Quantitative data were expressed as mean ± SD. Statistical differences were estimated by one- The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/441147 doi: bioRxiv preprint using SPSS Statistics 13.0. A probability level of 0.05 was used to indicate significance (P < 193 0.05).
194
Results
195
Sequences analysis
196
The full-length Mn-DEM cDNA sequence was 1,018 bp with an open reading frame of 777 bp, 
202
The relative information for Mn-Ferritin can be seen in previous study (Sun et al., 2014) .
203
Similarity comparison and phylogenetic analysis
204
The species used for GEM amino acid sequence blast have been listed in Table 2 (Figure 1-A) . Mn-GEM has dramatically long 213 evolutionary relationship with those from other species.
214
The species used for Rev3 amino acid sequence blast have been listed in Table 3 . The 215 identities between the Mn-Rev3 and Rev3 in other species was 39%-41%, and the query
216
coverage is only 35%. Mn-Rev3 has the highest identity with Rev3 sequence from Orbicella 217 faveolata. Similar with that of Mn-GEM, M. nipponense is in a separate branch (Figure 1-B determine the tissue distributions of these three genes. According to the qPCR analysis, the 223 mRNA expression of these three genes in testis and androgenic gland were higher than that in 224 ovary (Figure 2 ). The expressions showed significant difference for Rev3 and ferritin peptide 225 (p<0.05). Besides, the mRNA expression of Rev3 and ferritin showed high expression level in 226 hepatopancreas, especially for that of Rev3. The expression was 22.1-fold higher than that in 227 heart (p<0.01).
228
The mRNA expression of these three genes showed higher expression levels in 
In situ Hybridization analysis
234
To analyse the functions of these three genes in depth, the mRNA locations were determined 235 in testis, androgenic gland and hepatopancreas by in situ hybridization. The fixed tissue 236 samples were subjected to hematoxylin and eosin (HE) staining as well as in situ hybridization.
237
According to the HE staining, mature testis includes spermatid, spermatocyte and sperms, androgenic gland in male sexual differentiation and development, these 3 DEPs were predicted 254 to be strong candidate novel genes in the male sexual development in M. nipponense.
255
According to the previous studies, ferritin peptide and Rev3 play essential roles in immune 256 system maintenance [17] [18] [19] . In this study, we aimed to investigate their functions in M. defined sequences is that the GEM and Rev3 sequences were only identified and isolated from 274 limited species, and to the best of our knowledge, no previous researches related to GEM and 275 Rev3 were found in crustacean species.
276
To the best of our knowledge, the functions of GEM have not been well defined and 
290
showed the highest mRNA expression in testis, followed by in androgenic gland and 291 hepatopancreas. However, there is no significant expression difference between the testis, which also suggested their potential roles in testis development.
300
The in situ hybridization of ferritin peptide has been performed in several species. The 
Conclusion
326
We cloned and characterized GEM, Rev3 and ferritin peptide from the androgenic gland of M. The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/441147 doi: bioRxiv preprint The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/441147 doi: bioRxiv preprint
